To investigate the long-term clinical outcome (up to 30 years) after coronary artery bypass graft (CABG) surgery and to assess the life expectancy (LE) among subgroups of patients.
Introduction
Coronary artery bypass graft (CABG) surgery is a well-accepted treatment in patients with severe angina since the 1970s. 1 Relief of anginal symptoms is still the major goal of CABG to obtain better quality of life, as well as increase of life expectancy (LE). Today, several different grafting techniques are used, but in the beginning only venous conduits were used. Although nowadays arterial grafts are preferred, 2 venous grafts are still being used extensively. 3 As vein graft atherosclerosis has been shown to be more aggressive than native vessel disease (VD), 4, 5 it remains very important to evaluate this on the long-term. 6 Furthermore, it has been shown that certain subsets of patients may have better LE. 7, 8 For this reason, we updated the 30-year outcome of the first 1041 consecutive patients who underwent venous CABG between 1971 and 1980. Because that period comprises almost the whole post-procedural life cycle, we were able to calculate the exact LE of subgroups of patients and to investigate the occurrence of atherosclerosis in the vein grafts.
Methods

Patient population
The baseline characteristics and earlier follow-up reports up to 20 years have been described in detail before. 9 -11 In summary, all 1041
consecutive patients between 1971 and 1980 with severe ischaemia who underwent a first isolated venous CABG procedure in the Erasmus Medical Centre Rotterdam were included in this study.
No internal mammary artery grafts were used. All patients underwent pre-operative catherization. Baseline clinical variables, data concerning pre-operative catheterization and peri-procedural data were collected, when available and stored, first on a HP-85 micro computer, and later on a main-frame PDP computer. The first database program was written in BASIC. The indication for surgery was based on angina, stable or unstable, refractory to maximal pharmacological treatment available at that time (mainly a combination of nitrates and beta-blockers; calcium antagonists were not yet available) and the findings at catheterization. Both elective and urgent surgery procedures were included. Excluded were those patients who needed additional surgery such as valve replacement or aneurysmectomy. The study complies with the Declaration of Helsinki.
Follow-up
Follow-up status was obtained by reviewing the hospital records and from general practitioners and civil registries in September 2007 of all patients who were alive at the previous follow-up in 1997. Data were collected on death and repeat coronary revascularization procedures. If necessary, patients were contacted by telephone. Follow-up was complete in 98%. Survival status of 18 patients, who had moved abroad, could not be retrieved and the last available follow-up data were used.
Statistical analysis
Cumulative survival analyses were constructed using the Kaplan -Meier method. Among patient subgroups, the Mantel and Haenszel log-rank test was used to compare survival curves. The expected survival in a reference population was calculated using age-and gender-specific mortality data from the Netherlands in 1975 (www.cbs.nl), and compared with survival in patients after CABG. Since the mean age of our study population was 53 years and 88% were male, mortality risks were weighted accordingly. The Cox proportional hazards model was used to identify independent risk factors for 30 years mortality. Preselected baseline characteristics were age, gender, diabetes, hypertension, dyslipidaemia, current smoking, extent of VD, and impaired left ventricular ejection fraction (LVEF) (,0.55). To investigate whether the 'appearance' or need of re-intervention has changed the LE of any coronary patient in his/her life span, we added repeat revascularization as a time-dependent covariable in the Cox model.
Proportionality of hazards was tested graphically based on visual inspection of log-log survival curves, and by performing a formal test of proportionality based on Schoenfeld residuals for each variable in the model. Cox regression analyses showed no statistically significant interactions with time. We calculated a linear shrinkage factor for the regression coefficients with bootstrapping. A key problem of regression modelling is that the regression coefficients are overestimated for predictive purposes. We calculated a linear shrinkage factor for the regression coefficients with bootstrapping, including the confidence intervals. The difference between performance in the bootstrap samples and the original sample is an estimate of the optimism in the apparent performance (miscalibration). This difference is averaged to obtain a stable estimate of the optimism. 'Shrunk' coefficients were calculated by multiplication of the standard coefficients with the shrinkage factor, which might take values between 0 and 1. The prognostic ability of the model, i.e. the power to discriminate between the survivors and those who died, was estimated with the c-statistic. The c-statistic provides a quantitative summary of the discriminative ability of a predictive model. A value of 0.5 indicates that the model does not have any discriminatory ability, and a value of 1.0 represents perfect discrimination. The c-index is the generalized form of the c-statistic for censored data, 12 which specifically incorporates censoring information, is reasonable and reliable. 13 Calibration refers to whether the model agrees with the observed probabilities and was assessed with the Hosmer -Lemeshow statistic. These statistical analyses were performed with S-plus software (MathSoft, Inc., Seattle WA, version 2000). In the multivariable model, multiple imputation was used to handle the 167 patients in whom the LVEF was missing. Multiple imputation methods are known to be superior to complete case analyses.
14 For all tests, a P-value ,0.05 (two-sided) was considered significant.
Life expectancy
LE after CABG was calculated from the area under the Kaplan -Meier curve. 15 To calculate the exact LE, the curves were extended beyond 30 years using the age-and sex-specific mortality data from the reference population in the Netherlands, assuming that those few CABG patients who had survived 30 years would have similar further LE as their age-and sex-matched peers. Among patient subgroups, the Mantel and Haenszel log-rank test was used to compare life expectancies.
Results
Survival
Mean age at first operation was 53 years (+8 years) and 88% were male ( Table 1) . Single VD was present in 19% of the patients and LVEF was impaired in 27%. Diabetes was present in 9% of the patients, dyslipidaemia in 22%, hypertension in 22%, and current smoking in 53%. Median follow-up was 29 years (range 26 -36 years). At follow-up, 196 patients were still alive, of whom 10 patients (1%) reached the age of 90 years. Cumulative survival rates at 10-, 20-, and 30 years were 77%, 40%, and 17%, respectively ( Figure 1 ). The mortality rate was 3.2% in the first year (including 1.2% peri-operative mortality), which then decreased to 0.9% in the third year. Thereafter, mortality increased to 4% per year until the 15th year. decreased to 3.5%, followed by a further decrease towards 2.5% per year beyond 20 years. Between 10 and 25 years follow-up, survival after CABG was 10 -15% lower than in the normal population (matched for age and gender). Beyond 25 years, survival after CABG converged to that of the normal population.
Re-intervention
Overall, 623 coronary re-interventions were performed in 373 of the 1041 patients (36%). Repeat CABG was performed in 309 patients, angioplasty in 148 patients and in 64 both a re-CABG and angioplasty were performed. At least three re-interventions were needed in 35 patients, four re-interventions were needed in 15 patients, and five re-interventions were needed in 12 patients. In the first 3 years after the index operation, only re-CABG was performed while angioplasty was not available yet. Up to the 8th year, the yearly incidence of re-intervention (adjusted for the number of patients at risk) was 1.8% ( Figure 2 ). Between 8 and 13 years, the re-intervention rates more than doubled to 4.2% per year. Thereafter, up to Year 20, the re-intervention rates decreased to 3% per year. Beyond 20 years, re-intervention procedures became rare and remained constant at 1%. Cumulative freedom from death and re-intervention rates was at 10-, 20-, and 30 years 60, 20, and 6%, respectively.
Multivariable analysis
The most important independent predictors of mortality were three-VD [hazard ratio (HR) 1.9; 95% CI 1.5 -2.3] and impaired LVEF (HR 1.8; 95% CI 1.6 -2.1) ( Table 2 ). The other independent predictors were elderly age (HR 1.04; 95% CI 1.03 -1.05), two-VD (HR 1.4; 95% CI 1.2 -1.6), and left main disease (HR 1.6 95% CI 1.4 -1.8), while gender was not. Also repeat revascularization, forced in the model as a time-dependent covariable, was no predictor of lower mortality. The c-statistic was 0.76 which means a reasonable fit of the model. To test the stability of the Cox proportional hazards regression model, we performed a bootstrap investigation (500 replications) using the same variables tested in the original model. The significant variables in the bootstrap model were those selected in the original analysis.
Survival in subgroups
Survival rates between males and females were similar over time ( Table 3) . A clear survival benefit was observed in patients with two-VD as compared with those with three-VD (benefit: 11 years at 10 years follow-up and 17 years at 20 years). There was a clear survival advantage for those with a normal LVEF with almost 50% remaining alive at 20 years compared with only 20% of those with impaired LVEF.
Life expectancy
Overall LE was 17.6 years ( Table 4 ). The highest LE was observed in patients with normal LVEF. These patients had a 5.4 year higher LE than in those patients with impaired LVEF (19.3 vs. 13.9 years; P , 0.0001). Furthermore, patients with two-VD had a significant 
Discussion
This report represents the longest and most complete follow-up, comprising almost the complete life cycle after CABG surgery, of the first patients who underwent CABG. The main finding is that although mortality is higher after CABG than in the normal population in the first 15 years after the index operation, survival rates decreased more slowly in the CABG group thereafter and eventually converged to the normal population. Or, in other words, in about half of the patients, CABG provides the patients a prognosis which is the same as in the normal population. This yields especially for those with a normal left ventricular function and without triple VD. We were in the unique position to calculate the LE accurately almost without making assumptions. Overall LE after venous CABG was 18 years. We observed that patients with a normal left ventricular function had a better gain LE of 5. 4 analyses of randomized clinical trials should be interpreted with caution as long as true long-term data are lacking. Therefore, true long-term follow-up studies of randomized trials should be conducted more frequently.
A hypothesis was that repeat revascularization may have changed the LE. We entered repeat intervention as a timedependent variable in the multivariable model and it turned out that it was far from significant. Thus, a repeat intervention provides relief of symptoms, but we were not able to prove that this influenced the LE in a positive or negative way. Although no randomized trials are known, large registries have shown that arterial grafts improve survival significantly, especially if an IMA was constructed to the LAD at the time of the intervention. 2, 3 At present, vein grafts are still used extensively in combination with arterial grafts. Saphenous vein grafts, the conduits exclusively used in our study, were protective in the first 7 years. Thereafter, mortality as well as repeat interventions increased significantly because of gradual loss of patency. In an earlier study, we reported that 80% of the repeat revascularizations were due to failure of the new venous bypass graft. 16 Furthermore, progression of coronary artery disease in native vessels, especially distal to the vein grafts may further increase mortality and morbidity. 6 
Limitations
Our study has clear limitations because treatment for coronary artery disease has changed and also the risk profiles of today's populations are different. Although our study population was a consecutive patient series, it was a very selective one. Mean age was 10 years younger than today and patients over 70 years did not undergo surgery. Furthermore, the waiting lists were very long and more importantly, aspirin, beta-blockers, lipid treatment, and life-style changes are now routinely performed which was not the case at that time. Furthermore, medical ischaemic treatments such as calcium antagonists were not available then. Operation techniques have been changed. Internal mammary artery grafts are being used as frequently as possible and this conduit remains longer patent than vein grafts with subsequently less repeat coronary interventions. Furthermore, in contrast to current knowledge, only a few risk factors were known to influence survival in the 1970s and only those were collected. Also, since the introduction of stents, especially drug-eluting stents, PCI has replaced CABG for many indications and only patients with complex coronary VD remain candidates for CABG.
Conclusion
This 30-year follow-up study comprises the almost complete life cycle after CABG surgery. Overall median LE was 17.6 years. As the majority of the patients (94%) needed a repeat intervention, we concluded that the classic venous bypass technique is a useful but palliative treatment of a progressive disease. *Thirty-year cumulative mortality rates (%) are derived from Kaplan-Meier lifetables; P-value, log-rank test; 95% CI, 95% confidence interval.
